INTRODUCTION

Socioeconomic deprivation
Health inequalities have been observed all over the world and tackling them has become one of the top priorities for national and international public health authorities.
1 Health inequalities can be defined as differences in health status or in the distribution of health determinants between different population groups. 2 And this unequal distribution of health is closely linked to socioeconomic deprivation. Socioeconomic deprivation is far from being a consensual concept. But, to date, the most assenting conceptualization seems to be the one proffered by Townsend in 1970s who argued that deprivation is: 1) a relative ("…state of observable and demonstrable disadvantage relative to the local community or the wider society or nation to which an individual, family or group belongs") and 2) a multidimensional concept ("…the concept of deprivation covers the various conditions, independent of income, experienced by people who are poor").
3,4 Summing up, deprivation is a wider concept than poverty since it covers more than disposable income; deprivation refers to the lack of fundamental needs, which are context-and time-specific.
Diverse ecological deprivation indexes, also known as area deprivation indexes, have been created to better understand health inequalities. Because they include a wide range of variables, are considered to better reflect the multi-dimensional nature of deprivation. They started being developed in 1970s in the United Kingdom (UK), 5 but currently almost every European country has its own deprivation index, or uses a well-established measure such as Carstairs & Morris 6 or Townsend index. 7 With these measures researchers have been able to demonstrate that living in deprived areas is associated with worst health outcomes. [8] [9] [10] And, as the statistical arsenal became more sophisticated, studies have even showed that this relationship occurs independently of the individual level deprivation. 10, 11 Portuguese studies using ecological deprivation indexes
In Portugal studies addressing socioeconomic inequalities in health are few, but they have been growing in number since the 2000s. Ecological deprivation has been used as a determinant for a wide variety of outcomes -suicide and injuries, 12,13 allcause, [14] [15] [16] cause-specific [15] [16] [17] and avoidable mortality, 18 body mass index, 19, 20 hip fractures, 21 infections, 22 tobacco relateddiseases, 23 and health-related behaviors such as physical activity, [24] [25] [26] fruit and vegetable consumption, 26, 27 among others. 28 For such small number of studies (17 studies) the amount of deprivation indexes that is being used is rather large (eight different indicators). Their characteristics are summarized in Table 1 . This diversity of ecological deprivation indexes reveals growing interest in the topic, but hinders study comparability, because the variables and the theoretical conceptualization beyond each of those indexes differ substantially. Also, a shortcoming of those measures has to do with the fact they were often produced for large and heterogeneous areas, such as parishes and municipalities, limiting its utility in regional and local planning. In Portugal no standard deprivation measure covering the entire country exists, contrasting with other countries, [29] [30] [31] [32] [33] [34] where statistical offices and public health institution have been making an effort in this direction.
Recently, a multinational and multidisciplinary team joined efforts to create a cross-national ecological deprivation index for the small areas of England, France, Italy, Portugal, and Spain. 35, 36 This index was developed using as bedrock the Townsend theorization of deprivation. With data from a European-wide survey, which provided information on the perceived and objective poverty, a measure of individual deprivation was obtained. This measure became the goldstandard variable, based on what the variables at aggregate level were selected to the ecological deprivation index, called European Deprivation Index (EDI). The variables that compose the individual and ecological deprivation indicators vary by country, as expected, but the fact that they were chosen under the same methodological and theoretical framework makes EDI comparable between countries.
The aim of this paper is to describe in detail the construction of the Portuguese version of the European Deprivation Index, as well as its statistical and spatial distribution.
MATERIAL AND METHODS
The construction of the EDI involved three key methodological steps, which will be fully described: (1) constructing an individual deprivation indicator; (2) identifying the variables that were available at individual level (survey) and at aggregate level (census) and (3) constructing an ecological deprivation index, the EDI.
Constructing an individual deprivation indicator
This first step of the construction of EDI relied exclusively on the European Union-Statistics on Income and Living Conditions, EU-SILC. 37 This survey is organized by the European Union (EU), and it is specifically designed to measure deprivation and its domains (income, social exclusion, housing conditions, labour, education and health). In Portugal, EU-SILC is being implemented annually by INE, Instituto Nacional de Estatística (Statistics Portugal) since its first wave in 2004. We used EU-SILC 2006 crosssectional survey which covered all 26 EU countries.
In Portugal this survey took place between May and July 2006 and included 5416 households, 12 071 individuals, 10 148 of them aged 16 years old. The households were chosen by stratified two-stage sampling, based on the original 2004 sample to guarantee that individuals can be followed longitudinally. All analysis were weighted for nonresponse and adjusted for sample design to ensure the representativeness of the results.
Identification of fundamental needs: As referred in the introduction, there is no clear-cut definition of individual deprivation. We based our measure of individual deprivation on the concept of fundamental needs purposed by Townsend, which have been the basis of the UK multivariate indexes of deprivation. [29] [30] [31] [32] Fundamental needs are items which are considered necessary in a specific sociocultural context. If the majority of the population possesses these items, it means that those that cannot afford it are in disadvantage. In the Portuguese EU-SILC survey, several items were not possessed by the majority of households, and so were discharged. Only items possessed by more than 50% of the households were considered fundamental needs. For instance less than 50% of the Portuguese households had a computer, leading to discharge this variable. Items that most individuals could not afford (> 50%) were also disregarded. For example, over 60% of the Portuguese households could not afford taking a week's annual holiday away from home; this variable was consequently excluded. Table 2 lists the items considered fundamental needs in Portugal.
Identification of fundamental needs associated with objective and subjective poverty: Poverty and deprivation are closely related. Poverty has an objective (income) and a subjective dimension (perceived poverty). Thus, to identify the fundamental needs that were associated with poverty, we opted to include only those that were associated with both objective and subjective poverty. These two dimensions of poverty were ascertained in EU-SILC survey.
Objective poverty was determined by income. An individual is considered at-risk-of-poverty whenever his/ Using your own means to cover a necessary yet unplanned expense 18.2%
Having a personal car 11.6%
Having a phone (including mobile phone) 5.4%
Having a washing machine 4.8%
Eating a meal containing meat, fish, or the vegetarian equivalent once every two days 4.4%
Having a colour TV 1.1%
Ribeiro
Identifying and arranging the variables that were available at individual level (EU-SILC survey) and at ecological level (census)
The second step of the construction of EDI involved the use of ecological data from the Portuguese census. We have used data from 2001 Population and Housing Census made available by Statistics Portugal. 40 
Firstly, we assessed which variables from EU-SILC survey were also present in 2001 Census data. A total of eight matching variables were found; these are listed in Table 3 .
Secondly, we had to recode variables in both datasets (EU-SILC and Census) so that they become comparable (Appendix 1, available from http://www. actamedicaportuguesa.com/revista/index.php/amp/article/ view/7387/4882).
Because we wanted to calculate proportions at ecological level for each of the eight matching variables, we had to find the best way to dichotomize the variables. Some variables could only assume two possible values (such as being unemployed looking for a job; rooms in the household; household with bath/shower and household with indoor flushing), but others could assume more than two (education, occupation, age/sex and household tenure status).
To dichotomize those variables, we conducted logistic regression models to find the best fit (based on Wald χ 2 ) between the individual deprivation indicator and the multiple category variables (dichotomized in all possible ways). For instance, three models were run to assess the best dichotomization of the variable occupation sector: 'primary versus secondary + terciary'; 'secondary versus primary + terciary' and 'terciary versus primary + secondary'; the last her household income is below 60% of the national median equivalised disposable income. The equivalised disposable income is equal to the net income of the household after social transfers divided by the number of household members. 38 In Portugal, the at-risk-of-poverty threshold, in 2006, was 341 euros per month. 39 Based on that value, 20.7% of the households were considered poor.
Subjective poverty was determined by the EU-SILC Likert-scale question 'ability to make ends meet' (1 -with great difficulty, 2 -with difficulty, 3 -with some difficulty, 4 -fairy easily, 5 -easily and 6 -very easily). To determine the threshold at which a person felt poor we conducted univariable logistic regressions between dependent variable objective poverty ('poor'/'not poor' based on the at-risk-of-poverty threshold), and the independent variable subjective poverty, dichotomized so that it covered all combinations of the answers to the question 'ability to make ends meet'. The Wald chi-square statistic (χ 2 ) of the different logistic regression models was used to determine the dichotomization with the best fit; the higher the χ 2 the better the fit. In Portugal the answer 1 ('with great difficulty') versus the others (2 -6) showed the best fit. Based on that threshold, 15.7% of the Portuguese households were subjectively poor.
From the previously identified fundamental needs only those significantly associated with both subjective and objective poverty were included to create the individual deprivation index. Univariable and multivariable logistic regression models were run to identify them with a significance level set up at of 5%. As a result, five of the seven items of Table 2 were considered fundamental needs: 'Eating a meal containing meat, fish, or the vegetarian equivalent once every two days'; 'Using your own means to cover a necessary yet unplanned expense'; 'Keeping your house adequately warm'; 'Having a phone (including mobile phone)'; and 'Having a personal car'.
Creation of an individual deprivation indicator: The previously selected five fundamental needs were used to create a binary indicator of individual deprivation. Multivariable logistic regression was run to determine the threshold number of fundamental needs that better explained objective and subjective poverty. Wald χ 2 was used for that assessment. The better fit threshold stayed on two fundamental needs, meaning that an individual that dichotomizaton showed the best fit. Proportions of those variables, for each census tract block group, were calculated based on the previously chosen dichotomizations: percentage of non-owned households; percentage of households without indoor flushing; percentage of individuals with low education level (≤ 6 th grade); percentage of households with five rooms or less (pantries, kitchens, corridors, bathrooms and balconies excluded); percentage of unemployed looking for a job; proportion of female residents aged 65 years or more; percentage of households without bath or shower; and percentage of individuals employed in the primary/ secondary sectors (i.e., manual occupations).
Constructing an ecological deprivation index, EDI
To determine which variables were to include in the EDI, a multivariable logistic regression was run and only variables significantly associated with the individual deprivation indicator were kept. We kept all the eight variables. Then, the regression coefficients of that model (Table 3) became the weights that were assigned to each of those variables at ecological level.
Next, each ecological variable was normalized to the Portuguese national mean. The score of the Portuguese EDI for each census tract block group resulted from the following equation: Score = % non-owned households (z-score) × 1.193 + % households without indoor flushing (z-score) × 1.456 + % residents with low education level (≤ 6 th grade) (z-score) × 1.292 + % household with 5 rooms or less (z-score) × 0.404 + % unemployed looking for a job (z-score) × 0.376 + % female residents aged 65 years or more (z-score) × 0.255 + % households without bath/shower (z-score) × 0.060 + % residents employed in manual occupations (z-score) × 0.013
RESULTS
The Portuguese EDI had the following distribution: minimum = -8.155; maximum = 17.249; mean = 0.000 and standard deviation = 2.283. Then, each census block group was classified according to its level of deprivation using the quintiles of the EDI score as cut-offs: 1 (-8.155 to -1.774); 2 (-1.773 to -0.605); 3 (-0.605 to 0.338); 4 (0.338 to 1.581) and 5 (1.582 to 17.249).
The first quintile (least deprived) comprised 2 161 387 inhabitants (20.9% of the national population), the second 2 192 718 inhabitants (21.2%), the third 2 125 503 inhabitants, 20.5%), the fourth 2 014 442 inhabitants (19.5%), and the fifth quintile (most deprived) 1 862 045 inhabitants (18.0%). Due to scarcity of households/population, a residual number of 18 census block groups (22 inhabitants) ended up with no EDI score assigned. The EDI was also computed at higher aggregation level -parish level (n = 4241) and municipality level (n = 308). Fig.s 1 and 2 show the geographical distribution of EDI in Continental Portugal and archipelagos. Portuguese EDI shows a clear geographic pattern, being the most deprived areas generally located in the South and in the Inner North and Centre of the country, whereas the least deprived areas are predominantly located in the coastal areas of North and Centre and in the Algarve.
Maps depicting the spatial distribution of EDI were produced using ArcMap 10.2.1., and statistical analysis was performed using SAS 9.1, SPSS 21 and R 3.1.1.
DISCUSSION
This article describes the methods of construction of an ecological deprivation index, the EDI, which classifies small areas of the entire country, Continental and archipelagos, according to their level of socioeconomic deprivation. To date, no other Portuguese index has covered the entire territory. The development of the EDI was grounded on a solid theoretical framework, used both individual and aggregate variables, and relied on a longitudinal Europewide survey that guarantee EDI can be replicated over the time and in any of the 28 EU member states.
Evidence-based, ready-to-use and understandable multivariate measures are highly required by public and political leaders. 41 These measures should be developed with involvement of relevant stakeholders and should use scientifically sound data and appropriate analytical methods. 41 The EDI is a multivariate indicator that included not only material deprivation but other conditions. EDI was grounded on the framework defined by Townsend who defended deprivation is highly dependent on the context and time and, consequently, cannot be measured based solely on material conditions. 3, 4 In the development of EDI, we selected fundamental needs associated with both objective (income based) and subjective (perceived) poverty and we have followed the theoretical concept of relative deprivation.
Portuguese EDI was developed based on a Europeanwide survey (EU-SILC), specifically designed to measure and monitor poverty and deprivation across the EU territory, which legitimize our indicator. The variables were chosen based on an individual index of deprivation, meaning we only considered those that were associated with this variable. The weights were attributed according to the role (association) each variable had in predicting individual deprivation. Most of available indicators are simply the unweighted sum of variables pragmatically chosen from the census; weighting is rare and usually justified by statistical criteria only.
Another advantage of the Portuguese EDI has to do with the fact that EU-SILC survey is conducted annually across all the European Member states. That guarantees EDI can be replicated over time, at least every ten years, when the census take place. The survey-based deprivation indexes of UK [29] [30] [31] [32] follow a similar methodology as EDI but they cannot be replicated in other European countries. Developing comparable and replicable multivariate indexes will generate comparable and replicable study findings, which is indispensable for evidence-based public health decisions.
Moreover, the EDI is currently also available in four other countries from Western Europe, France, Italy, Spain and England. 35, 36 That will allow integrated studies, something particularly useful at the present time when scientific research is getting a cross-national extend due to the European financing channels. Hopefully, in the future other countries will follow the same methods and develop their own EDI.
In Portugal, where access to micro data is usually constrained, having a deprivation index that can be recomputed at different geographical aggregation levels is also a plus. For instance, mortality data cannot be disclosed for areas smaller than parishes or municipalities. So, any neighborhood-level index would be pointless. But, when using information from individual datasets (cohort studies, cross-sectional surveys), which allow obtaining the point location of each participant, using a local measure of deprivation is crucial.
Inevitably, the EDI has also a few limitations that deserve further discussion. Firstly, the choice of the variables to include in EDI depended greatly on the information available in the EU-SILC survey and in the census. The Portuguese EDI included a total of eight variables, which is less than the number of variables included, for instance, by our French counterparts (a total of ten). 35 This can obviously impact the quality of the indicator. Another limitation of EDI is related to a widely discussed and controversial topic, the capability of a single deprivation index to discriminate rural and urban deprivation. 42, 43 The EU-SILC survey does not allow weighting on urban and rural areas, which could potentially affects its capability of measuring rural deprivation.
CONCLUSIONS
In sum, we propose an alternative deprivation index for Portuguese small areas, grounded on a solid theoretical framework, using both individual and aggregate variables and relying on a longitudinal Europe-wide survey that guarantee EDI can be replicated over the time and space.
We have tried to be as explicit as possible so that any interest party could make the best use of this indicator. Hopefully, EDI will start being employed by social and medical researchers but also by regional planners, with the ultimate goal of better understanding the health inequalities not only in Portugal but also across Europe.
